ABSTRACT A mortality study of workers employed for at least one year between 1 January 1950 and 31 December 1975 at eight oil refineries in Britain has been carried out. Over 99% of the population were successfully traced to determine theirvital status at 31 December 1975. The mortalityobservedin the study population was compared with that which would be expected from the mortality rates for the all male population of England and Wales, and Scotland, with adjustment for regional variation in mortality for the English and Welsh refineries. The overall mortality observed was considerably lower than that expected on this basis, as was the mortality from heart disease, stroke, bronchitis, and pneumonia. The observed number of deaths from all neoplasms was also very much less than expected, a result almost entirely due to a large deficit of observed deaths from lung cancer. Raised mortality patterns were found in several refineries for cancers of the oesophagus, stomach, intestines, and rectum, although no location was consistently high for all these causes of death. Different yearof-entry cohorts and job groups were also affected. In general, mortality from these causes increased as length of service and interval from starting work increased. There were also significantly more observed deaths than expected from cancer of the nasal cavities and sinus, and melanoma. Further work is required to ascertain whether these are due to an occupational factor and, if so, to identify the physical or chemical nature of the risk.
The aim of this study was to examine the patterns of mortality by cause for employees in oil refineries in Britain. In addition to providing background information on the health of the workers this could draw attention to specific problem areas that might require further investigation. A full report of the study has been completed.' The purpose of this article is to describe the method of data collection and analysis, to give the full results in detail, and to discuss some of the problems encountered in the approach selected and in the interpretation of results from this type of study.
Previous studies on the hazards associated with oil
The carcinogenic properties of mineral oil have been well documented. Both experimental2 3 and occupational studies have been reported in the shale oil industry a,nd in the textile industry.4-7 Particular issues in the petroleum industry that have
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Received 11 June 1980 Accepted 9 September 1980 been investigated include exposure to benzene in petrol, 8 9 risks to workers in asphalt,10 and the occurrence of cancer, especially skin cancer and cancer of the scrotum, in wax pressmen.1"-'3
In a mortality study of 17 selected refineries in the United States 20 000 workers were grouped into three broad categories of exposure to polycyclic hydrocarbons by using their job titles.14 Overall mortality was appreciably less than that of the all male United States population. Mortality from cardiovascular-renal diseases, digestive cancers, and ulcers of the stomach and duodenum was highest in men with the lowest exposure to hydrocarbons. Mortality from respiratory cancer, lymphomas, and genital cancer increased with increasing exposure to hydrocarbons, although only for lymphomas was mortality greater than expected in all exposure groups.
In a smaller study of workers in an oil refinery in Canada the overall mortality was again much lower than expected.'5 A non-significant excess was found for cancers of the digestive system.
Three studies of the petroleum industry have also reported raised mortality from cancers of the 225 digestive system.16-'8 Refinery workers in Canada had twice the risk of cancer of the intestines (including rectum) and cancer of other digestive organs compared with non-refinery workers.16 Employees exposed to crude petroleum or its products were found to have three times the risk of cancers of the oesophagus and stomach and twice the risk of lung cancer compared with non-exposed employees.
Proportional mortality ratios (PMR) for cancers of the liver, pancreas, lung, and skin were raised among refinery and petrochemical workers in Texas, although the risks did not increase with duration of membership. 17 Increased relative frequencies of stomach cancer, cancer of the brain, leukaemia, and multiple myeloma were found in white men in the same industrial category with a membership of ten or more years. An analysis of deaths from three particular refineries showed increased risks from brain, stomach, and lung cancer, each of these risks occurring at two of the three refineries.
Thirty-nine petroleum industry counties in the United States, where at least 100 people were employed and at least 1 % of the county population were estimated to be petroleum company employees, were compared with 117 counties matched for geographic region, population size, and various demographic indicators.'8 Significant excesses from cancer of the stomach and of the rectum were found for men in the more highly populated petroleum industry counties compared with male residents in other counties. Significantly higher rates were also found in the petroleum industry counties for cancers of the lung, nasal cavities and sinus, skin, and testis.
Method
The present study included all men who had worked for at least one continuous year between 1 January 1950 and 31 December 1975 at eight refineries in Britain. In this article the refineries are denoted by A, B, C, D, F, G, H, and J. A feasibility study had suggested that the survey should include only men with a minimum of ten years' service, and the refineries were selected partly because they employed sufficient men who satisfied this criterion. The minimum length of service, however, was reduced to one year to increase the numbers in the study, and to allow a comparison between men with longer and men with shorter periods of service.
The study excluded women as comparatively few are employed in the refineries. Men who could be identified as having spent a great part of their career abroad were also excluded. The mortality of this group would be difficult to relate to that of the other refinery workers as they may have worked in very varied environments. The date 1 January 1950 was chosen as a starting date for the study because, although some ofthe refineries had been "on stream" much earlier than this, their personnel records were thought to be complete only after this date.
The following data were collected for each man in the study from refinery personnel systems: full name, date of birth, address, date of joining, last or present job, and whether a day or shift worker. For leavers, date of leaving, reason for leaving (retired, died, or other), National Insurance number or National Health Service number, or both, were also collected.
In the feasibility study consideration had been given to collecting a detailed job history for each man, including dates for changing jobs. Retrieval of these data would have been costly and also a lengthy clerical task. There was also some doubt as to how complete and accurate the information was and how job history could be related to exposure to various potential hazards, many of which would be undocumented. It was therefore decided to use a broad classification of occupation-for instance, the various crafts, operators, laboratory and scientific, clerical, and administrative-based on the last job title. In interpreting the results the limitations of last job title as an indication of job history must be recognised-for example, a man may take a less strenuous job than his main job for the last few years of employment due to ill health.
Information on pensioners, including date of death, was available from some companies. All other leavers, where contact with the company had been lost, were traced either through the social security records at Newcastle using the National Insurance number or through the National Health Service Central Registers (NHSCR) at Southport and Edinburgh using the NHS number or through both systems if necessary. This procedure took about 18 The basis for calculating an estimate of the expected number of deaths is a compromise between the matching of factors likely to influence the risk of death (other than issues being specifically explored, such as occupation) and the availability of suitable death rates. Various approaches use: national mortality rates; subsets of the national data, such as rates for regions of a country or for social classes in the population; comparable industry rates; rates for the total population in a specific industry; and internal comparisons within an industry of one category of worker against another. The advantages of the national data are ease of availability and stability due to the large numbers on which they are based. Industry data may be biased because of specific environmental hazards, fluctuate from chance variation in small numbers, and are not readily, today, available.
Mortality (1) The range of the set of SMRs available in each region was calculated for each disease group for the various dates in the study period.
(2) If this range was less than or equal to 15 the (unweighted) mean of the available SMRs was calculated.
(3) If the range of SMRs was greater than 15, the expected deaths for each available year was calculated from the SMR and the number of deaths observed for that year. An overall SMR was then calculated from the sum of the observed deaths and the sum of the expected deaths. This was a weighted mean of the individual SMRs, the weights being the expected deaths.
The expected deaths, calculated using the mortality rates for England and Wales, for each refinery and disease group were then multiplied by the appropriate regional adjustment SMR divided by 100. Those disease groups for which regional data did not exist were left unadjusted.
In addition to differences in mortality between areas, some diseases show well-defined gradients of mortality across the social classes. The social class distribution of the refinery population differs considerably from that of the male population of England and Wales; a far larger proportion is in social classes IV and V and a smaller proportion in social classes I and II in the study population (table 1) . There are also differences in social class distribution between the regional population and the national population. The adjustment for regional differences in mortality may thus have adjusted partly for social class differences between the refinery population and the national. It has been shown, however, that age and social class standardisation had virtually no effect on the SMRs for regions when compared with the SMRs obtained with age standardisation alone22-that is, variation in mortality between regions is not explained by differences in social class distribution between the regions. This suggests that regional and social class variation represent more or less separate factors affecting mortality rates.
Fox and Adelstein23 suggest that social class standardisation may also be used to investigate the influence of work and environment and lifestyle on mortality by examining how much variation in mortality is accounted for by social class standardisation, the remainder being due to occupation. This assumes that social class is not only a good measure of diet, economic state, educational level, and so on, but is also not confounded with occupation. Social class is by definition related to occupation, so there is some doubt as to whether social class standardisation would completely remove occupational from non-occupational elements.
Age, calendar period, regional, and social class mortality rates are not readily available from published sources. The data for the comparison populations used in this study were immediately available, as were the regional SMRs as described above; SMRs for social class within region are available for only a very restricted list of broad disease groups.
SMRs by social class for England and Wales are obtainable from the occupational mortality decennial supplements. As pointed out, however, in the 1970-2 supplement22 the SMRs are artifically high due to the inclusion of the armed Forces and unclassified group in the standard population death rates. The use of these figures would thus result in an overcompensation for social class effects.
Consideration must be given to the classification of refinery process operators (28 % After careful consideration of the above points it was decided that no social class adjustment would be performed. When interpreting the results for the various job groups Used in the study, due consideration was given to known social class variation in mortality and an attempt made to judge whether the difference between observed and expected deaths was likely to reflect non-occupational factors.
COMPARISON OF OBSERVED AND EXPECTED DEATHS
The difference between the observed and expected deaths was examined by calculating a significance level (p value) for the observed number of deaths assuming it to be drawn from a Poisson distribution with mean equal to the externally calculated expected value.
Two approaches to the analysis were used. The Table 3 shows the status of the study population at the study end date 31 December 1975. Only 0-2% of the men were untraced and it is unlikely that the results would have been greatly altered if the vital status of these men had been known. Untraced men were not included in the analysis. There was a total of 575 982 person-years of observation in the study with a mean follow-up of 16-6 years for each man.
NON-MALIGNANT CAUSES OF DEATH
The total number of deaths was significantly lower than that expected (table 4), a deficit that is also reflected in most of the disease groups constituting "all diseases of the circulatory system" (49 % of the total deaths). The same is true for diseases of the respiratory system, especially tuberculosis, pneumonia, and bronchitis, and also for diabetes, cirrhosis of the liver, and suicide. An excess was found from "accidental fire and explosion," although only 12 such deaths were observed.
In general the pattern of lowered mortality from non-malignant causes of death was found in all subgroups (defined, for example, by job, age, duration of service, etc). Excesses ofobserved deaths compared with expected deaths were found for labourers for some disease groups (table 5). In Gastrointestinal cancer-A detailed examination of the data showed an increased mortality from cancer of the oesophagus, stomach, intestines, and rectum, particularly in four refineries (B, D, F, and J). Table 7 gives observed and expected deaths, and p values for excesses found for these disease groups and refineries by job, age, year of entry to the refinery, and duration of service. At refinery J the mortality from stomach cancer tended to decrease as the duration of service increased. In refinery F, however, the opposite pattern was found, with mortality increasing with increasing duration of service (fig 1) . Mortality from cancer of the intestines increased with increas- Table 7 Summary of excesses of observed (0) compared with expected (E) deaths from cancer of the oesophagus, stomach intestines, and rectum by job, age, year of entry, and duration of service on small numbers (table 8) . Half (7) of the deaths occurred in men aged under 45. At one refinery four of the five who died were operators; at the other refinery the six deaths included an operator, two boilermakers, a pipefitter, a labourer, and a clerk. The study investigated mortality only; no attempt was made to examine morbidity data such as sickness absence. Mortality studies depend greatly on the validity of the death details used, and consideration must be given to the problems of possible omission of information, the accuracy of diagnosis, and the classification and coding of the causes of death.2425 No evidence suggested that the rate of possible inaccuracies differed between the study and the comparison populations. Although many deaths occurred in fairly small areas surrounding the refineries, there was no suggestion of any variation in the certification practices of the local doctors or coroners.
This study is essentially an a posteriori studythat is the data are used to generate hypotheses which should then be further investigated in other studies on new data. The study can be used in a limited way as an a priori study to test hypotheses generated by and investigated in other comparable studies. In any study where the number of comparisons made of observed with expected deaths is large, identification of "real" associations and, in particular, those of "industrial" origin is difficult. The detailed examination of the data carried out here has been used to describe the patterns of mortality and to search for consistency across the variations and subgroups examined. Some genuine associations may also be missed because of lack of numbers in a study or too short a period of followup. 26 Factors to be taken into account when considering variations in mortality include the appropriateness of the rates used in calculating expected deaths, varying patterns of diagnosis and certification in different regions, sampling variation in the observed deaths, external (non-occupational) factors, and occupational environmental factors.
Overall the mortality of the study population is lower than that of the standard population with which it is compared. This result may be due to the comparison of an industrially employed cohort with a standard population that includes those in institutions and in unstable employment, and those already ill at the time job seeking starts or out of work due to ill health. In the absence of a specific occupational hazard this favourable mortality tends to extend to many separate causes of death.14 In this present study the observed mortality from many of the numerically large causes of death was much lower than expected on the basis of experience in the national comparison population.
Of the non-malignant diseases, only the excess from accidental fire and explosion can definitely be attributed to an occupational hazard. All but one of the deaths in this category were due to accidents at work. There is no evidence that any of the other excesses from non-malignant causes are occupational in origin.
The expected deaths were not adjusted to take account of social-class variations in mortality. Nevertheless, many of the disease groups where excesses were found in labourers have higher SMRs in social class V than social class I, with intermediate values for classes II-IV.22 Table 5 shows the SMRs for social class V for some of the disease groups in which excesses were found for labourers. If some adjustment of the expected number of deaths had been made using these figures, the observed mortality for some of the disease groups would not be greater than expected.
Lowered mortality from lung cancer accounted for almost all the deficit in "all neoplasms." An absence of heavy smokers, perhaps due to the restrictions of smoking demanded by the nature of the work, might account for this result. As yet there are no reliable data with which to investigate this, although a survey to examine the smoking habits of refinery workers is now under way. The slightly raised mortality due to lung cancer of labourers in the study is not greater than expected compared with all men of that social class.
Increasing interest has been shown over the past few years in the relationship between benzene exposure and the risk of leukaemia. There was a deficit of observed deaths from leukaemia overall and a deficit of observed deaths from myeloid leukaemia, which has been particularly associated with exposure to benzene; no personal or environmental measures of benzene exposure were available for workers in this study, however.
An increased mortality from cancer of the gastrointestinal tract was evident in four refineries, although different year-of-entry cohorts and job groups were affected, and no location was consistently high for all subsites within the gastrointestinal tract. Most of the men affected joined the refineries before 1950 and had correspondingly long service. In general the mortality increased with increasing duration of service and latent period. Some, but not all, of the excess from stomach cancer in labourers would, however, be removed by an adjustment for social class.
Four previous studies of the oil industry have also found an increased mortality from cancers of the digestive system.15-18 Although these studies use rather different study populations, and the methods of analysis and selection of a comparison group differ, the consistency of their results, together with those of the present study, suggest that some occupational factor may be responsible for the increased mortality from cancer of the gastrointestinal tract, although the physical or chemical nature of the risk is not identifiable from any of the studies.
All the deaths from skin cancer were due to melanomas. There were no deaths from epitheliomas or scrotal cancer, which have been shown to be associated with contact with mineral oil. The incidence of melanoma has risen rapidly in England and Wales,27 although the use of age and calendar period comparison mortality rates should take account of this. Several factors that have been suggested as related to the risk of melanoma include exposure to sunshine or sunspot activity,28 29 exposure to arsenic,30 consumption of alcohol,31 and working in certain dusty occupations.32
Conclusions
This study was limited in respect of both the details collected on the study population and the duration of follow-up, but it has provided a basis for further studies. Various methods of follow-up that could be considered when assessing the results of this study include carrying out case-control studies using internally matched controls and examining information about job history and other environmental factors for the decedents and controls, extending the duration of follow-up of the study to establish whether the trends of excess mortality from certain causes occurring in workers joining the refineries before 1950 are continuing, although a minimum of ten years would be needed, and investigating whether the collection of environmental measures and detailed job assessment could provide more precise indicators of these factors to compare with the incidence of various diseases.
